Currently available software tools for automated segmentation and analysis of muscle cross-48 section images often perform poorly in cases of weak or non-uniform staining conditions. To 49 address these issues, our group has developed the MyoSAT (Myofiber Segmentation and 50 Analysis Tool) image-processing pipeline. 51 52 MyoSAT combines several unconventional approaches including advanced background leveling, 53 Perona-Malik anisotropic diffusion filtering, and Steger's line detection algorithm to aid in pre-54 processing and enhancement of the muscle image. Final segmentation is based upon marker-55 based watershed segmentation. 56 57 Validation tests using collagen V labeled murine and canine muscle tissue demonstrate that 58 MyoSAT can determine mean muscle fiber diameter with an average accuracy of ~97%. The 59 software has been tested to work on full muscle cross-sections and works well even under non-60 optimal staining conditions.
Canine CAL cross sections were imaged using an Olympus AX 70 compound fluorescence 157 microscope at 20x with an Optronics MicroFire camera. Original image resolutions: 0.368 158 μm/pixel (12 bits/pixel). Acquired images were re-scaled using ImageJ to match the 0.462 159 μm/pixel resolution used for the Murine scans above and re-saved in TIFF format. First, a morphological dilation filter (21) using a disk shaped structuring element (radius = 10 195 pixels) is applied to thicken the detected lines. The next step applies a gaussian blur filter to the 196 binary image. In the final step, a manually adjusted threshold is applied to the blurred image 197 such that values below the threshold are set to zero. This step establishes seed locations for the 198 watershed segmentation algorithm, which is described next. algorithm. After watershed segmentation ( Fig 1E,F) , the detected objects are classified by cross-204 sectional area (CSA) and feret diameter. To aid in filtering out mis-segmented regions, objects 205 with CSA outside a predetermined range (~200 to 10,000 μm 2 ) are excluded from the analysis. The image-processing pipeline has been implemented as a macro for the freely available image 214 processing package FIJI / ImageJ [20] . The macro requires several third-party ImageJ plugins 215 which implement several of the image processing algorithms (23) (24) (25). Histograms of fiber diameter were generated for each muscle section image using each of the 238 three segmentation methods (manual, MyoSAT, and SMASH). The accuracy of the automated 239 approaches was compared to ground truth by statistical comparisons of mean fiber diameter 240 obtained for each image. For reasons described in the previous section, segmented objects with 241 CSA outside of the pre-determined given range (~200 to 10,000 μm 2 ) were excluded from the 242 analysis. Fibers intersecting the ROI edges were also excluded from analysis. It was observed that several of the image-processing pipeline steps could be combined to provide 246 a staining contrast mapping tool valuable for optimization of staining protocols. We define the 247 staining contrast in the image as the intensity ratio between the staining of the fiber boundaries 248 (extracellular membranes) to the non-specific staining of the fiber interiors.
249
The accuracy of most segmentation algorithms is often highly sensitive to staining contrast 250 within the image. Such contrast information aids in quality control by identifying cross-section 251 regions with sufficient contrast to provide good segmentation accuracy.
252
The three steps used to generate the staining contrast map are: 1) The original image is divided The image sets consisted of 12 murine TA muscle cross-section images containing 91 -165 267 fibers (mean= 124.9); and 10 canine CAL muscle cross-section images containing 28-153 intact 268 fibers per image (mean=89.3)). 269 We found that for both murine and canine tissue samples, fiber counts and fiber diameter 270 obtained using the proposed semi-automated muscle segmentation method (MyoSAT) closely 271 correlated to results obtained using manual segmentation of the muscle fibers (Table 1) . For the murine TA samples, no significant differences were observed between mean fiber 291 estimates for the proposed method and ground truth (mean difference ± std error, 0.76 ± 1.15µm, 292 p=0.52, paired two-tailed test). Significant differences were observed between ground truth and 293 the SMASH method (4.02 ± 1.46µm, p=0.019, paired two-tailed test).
Comparison of Mean Fiber Size Measurement Accuracy

295
For the canine CAL samples, no significant differences were observed between mean fiber 296 estimates for the proposed method and ground truth (mean difference ± std error, 0.94 ± 1.03µm, 297 p=0.39, paired two-tailed test). Significant differences were observed between ground truth and 298 the SMASH method (2.32 ± 0.62µm, p=0.005, paired two-tailed test).
300
The average difference between the proposed method and ground truth for the 22 combined 301 murine and canine sample images was 3.2% [SD=±8.0%]. The difference between the SMASH 302 method and ground truth was -5.1% [SD=±9.8%]. We observed that the SMASH software had 303 a tendency to over-segment the fibers resulting in higher fiber counts and underestimation of the 304 fiber diameters.
306
Bland-Altman analysis (26) indicates that the MyoSAT method correlates slightly more closely 307 (y = -0.32x + 14) with the manual method than SMASH (y = -0.58x + 2, p = 0.067, ANOVA). We next compared the fiber size histograms generated using manual, MyoSAT, and SMASH 315 segmentation methods. We observed that the MyoSAT analysis pipeline produces fiber size 316 distributions histograms that more closely resemble ones generated by manual segmentation than 317 size distributions generated using the SMASH segmentation approach. MyoSAT semi-automatic fiber detection software. C: Histogram of (min feret) fiber diameters.
318
Analysis of full Muscle Cross-Sections:
331
MyoSAT has identified n=2616 fibers with mean fiber diameter=46.78µm (SD+/-13.56 µm). We next demonstrated the application of MyoSAT to identify changes in muscle physiology, 334 Left and right size TA muscle cross-sections were obtained from mice 5 weeks after a unilateral 335 nerve transection and graft. MyoSAT was used to analyze the full TA muscle cross-sections 336 images containing between 1153 -2637 identified fibers (mean 1784.1).
338
As anticipated, evidence of reduced muscle fiber diameter was detected in the repaired limb We found the staining contrast mapping tool, which we developed as a simple extension of the Our validation tests have demonstrated that the MyoSAT analysis provides on average 96% 377 accuracy for estimation of mean fiber diameter when compared to human segmented images in 378 both murine and canine muscle tissue. Muscle fiber size distribution histograms generated 379 during the analysis were found to closely approximate results obtained by manual segmentation. MyoSAT is a semi-automated segmentation approach and so some manual adjustment of 392 sensitivity parameters is required in order to achieve accurate segmentation. A disadvantage to 393 this approach is that manual tuning can introduce some subjectivity into the analysis. However, 394 an advantage is the ability to adjust the image processing to work for a wide range of imaging 395 and staining conditions. As with most automated image segmentation approaches, the segmentation accuracy of the 398 proposed method is ultimately limited by staining contrast and image quality. A secondary 19 399 outcome of our work has been the development of a contrast-mapping tool, which we have found 400 to be useful for optimization and quality control of muscle staining protocols. The contrast 401 mapping technique provides an objective approach to identify regions with sufficient staining 402 contrast in order to yield accurate segmentation. The MyoSAT image-processing pipeline has been implemented as a macro within the freely 416 available image processing package FIJI / ImageJ [20] . The macro may be downloaded from 417 XXX . The availability of this software will enable the research community to efficiently analyze 418 large muscle cross-sections for experimental studies and diagnostics. 
